SUMMARY Aspects of emotional facial expression (responsivity, appropriateness, intensity) were examined in brain-damaged adults with right or left hemisphere cerebrovascular lesions and in normal controls. Subjects were videotaped during experimental procedures designed to elicit emotional facial expression and non-emotional facial movement (paralysis, mobility, praxis). On tasks of emotional facial expression, patients with right hemisphere pathology were less responsive and less appropriate than patients with left hemisphere pathology or normal controls. These results corroborate other research findings that the right cerebral hemisphere is dominant for the expression of facial emotion. Both brain-damaged groups had substantial facial paralysis and impairment in muscular mobility on the hemiface contralateral to site of lesion, and the left brain-damaged group had bucco-facial apraxia. Performance measures of emotional expression and non-emotional movement were uncorrelated, suggesting a dissociation between these two systems of facial behaviour.
The neuropsychological mechanisms involved in the facial expression of emotion have been the subject of a number of recent investigations.1 2 While the majority of these studies have used normal adult subjects, several have examined facial behaviours in braindamaged populations. Studies in normal subjects have documented that the left side of the face (or "hemiface"), presumably controlled by the right cerebral hemisphere,3 moves more extensively4-6 and appears more intense7-10 during emotional expression than does the right hemiface (but see also"). Studies of facial emotional expression in brain-damaged patients,'2 -15 also have suggested a special role for the right hemisphere in emotional expression. In these studies, right brain-damaged patients, relative to left brain-damaged patients and normal controls, are more impaired in the production of facial emotional expressions.
The main purpose of this study was to elucidate underlying deficit in facial emotional expression. A second purpose of this study was to examine how facial movement relates to the expression of facial emotion. While outcomes of facial emotional expression studies typically have been ascribed to central (that is, cerebral) processing mechanisms, the possibility that these findings could reflect other characteristics of the face has to be considered. Studies of normal subjects have reported that asymmetries in emotional facial expression are not correlated with asymmetries in non-emotional muscular mobility '9 or [27] [28] [29] the upper and the lower face were assessed separately. Bucco-facial apraxia also was evaluated because of concern that it might influence the performance of LBDs on tasks of facial emotional expression. Facial paralysis For upper face paralysis, pattern of wrinkles in the forehead, position of eyebrow, and size of eyelid were assessed; for lower face paralysis, depth of the nasolabial fold, position of the corner of the mouth, and direction to which the middle of the mouth is pointing were assessed, according to standard procedures.3032 For each of these parameters, asymmetry was rated as I (more paralysis on left), 2 (no asymmetry), or 3 (more paralysis on right). Faces were rated by two independent judges, with 84% complete agreement on a subsample of 67 observations; the mean of the two ratings was used in data analysis. Each subject received one score for the upper face (i of the three parameters) and one for the lower face (x of the three parameters). One-way analyses of variance (ANOVAs) on the asymmetry ratings revealed no difference among the three subject groups for the upper face. For the lower face 0 05, and no systematic patterns emerged.) The lack of significant correlations (median rho = 0 11) suggests that the ability to make non-emotional facial movements is not related to the production of emotional facial expressions. Discussion
The major purpose of this study was to assess systematically the effects of brain damge on the expression of facial emotion. It was hypothesised that patients with unilateral lesions of the right hemisphere would be more impaired on tasks of emotional facial expression than patients with lesions of the left hemisphere and normal controls. Examination of facial responsivity, appropriateness, and intensity suggested that patients with right hemisphere pathology, compared with patients with left hemisphere pathology or normal controls, were less responsive and less appropriate in their expression of facial emotion. For the appropriateness rating, this was only the case for the positive emotions. These findings were obtained for both posed and spontaneous expressions. There were no significant differences among the three groups in the intensity with which the facial expressions were produced. The finding that RBDs were more impaired than LBDs and NCs in the expression of facial emotion lends support to the theory that the right hemisphere is dominant for emotional processing. While the bulk of evidence regarding the role of the right hemisphere in the facial expression of emotion has been based on studies examining facial asymmetry in normal subjects (for reviews, seei 2 42 43) , this study examines the emotional facial behaviour of subjects with verified lesions in either the right or left cerebral hemisphere.
When valence of emotional expression was considered, there were no systematic differences between positive and negative emotions across the three dependent variables. When the interaction between valence and subject group was examined, valence did not discriminate between patient groups either for responsivity or for intensity. However, RBDs were found to be significantly less appropriate than LBDs Emotional and non-emotionalfacial behaviour in patients with unilateral brain damage or NCs on positive emotions. This finding seems to converge with findings by Gardner and his colleagues45 on the deficit of right hemisphere patients for the appreciation of humorous materials. In general, our finding of a selective deficit in RBDs for positive emotion contrasts with the literature on facial expression in normal controls which has reported evidence for right hemisphere mediation of negative emotion and left hemisphere or bilateral mediation of positive emotion (see review in1). It also contrasts with two previous clinical studies that also have considered this issue.'444 Sackeim and colleagues44 found evidence for right hemisphere mediation of negative emotions and left hemisphere mediation of positive emotion, while Buck and Duffy'4 found no significant differences between RBDs and LBDs as a function of valence. Differences in patient populations (for example, aetiology, lesion location, subject characteristics) and in methodologies examining emotional behaviour (such as, elicitation conditons, stimuli, rating schemes) could account for these differences in results. Additional studies with larger numbers of subjects and more careful delineation of lesion location are necessary to assess more precisely the relationship between valence and lesion site.
When examining the relationships among the three parameters of emotional expression, there was a significant correlation between responsivity and intensity but no relation between appropriateness and either of these variables. The neuropsychological literature suggests the possibility that the relationship between responsivity and intensity reflects an underlying dimension such as arousal. In the current study, we used responsivity as an indirect measure of arousal. If one has an arousal deficit, it is possible that the amplitude or intensity of a behavioural response also may be dampened. The finding that responsivity was the only variable for which RBDs were consistenly imparied could be interpreted as support for a relationship between a deficit in arousal and some sort of right hemisphere dysfunction. There is a recent body of literature suggesting that arousal deficits are associated with the right hemisphere syndrome. For example, right hemisphere pathology has been associated with abnormal patterns of autonomic nervous system responding, as measured by heart rate46 and skin conductance, 18 4' and also with increases in reaction time. 48 49 When we examined the influence of non-emotional facial movement on the three aspects of facial emotional expression among the brain-damaged subject groups, correlations were nonsignificant. The braindamaged groups showed similar levels of performance on measures of both paralysis and mobility, indicating that group differences in facial mobility were not responsible for the lack of correlation. Although LBDs did demonstrate, as would be expected, significant impairments in bucco-facial apraxia, execution and accuracy measures of apraxia were not systematically related to our measures of facial emotional expression. These data, combined with data from related studies using normal subjects,19 20 argue for the dissociation between systems controlling facial emotional expression and non-emotional facial movement.
Conclusion
In conclusion, we have observed deficits in the responsivity and appropriateness with which emotional facial expressions are produced as a function of right hemisphere pathology. These findings support the notion that the right hemisphere is dominant for certain aspects of facial emotional expression. The group differences for responsivity and the significant correlations between responsivity and intensity suggest that it may be fruitful for future research to examine the relationship between impairments in emotional facial expression and deficits in arousal among RBDs. Both patient groups had central facial paralysis and deficits in non-emotional muscular mobility on the hemiface contralateral to the lesion. The LBD group was apractic. It was not the case, however, that the ability to carry out specific facial expressions or to respond in emotional situations was affected by factors such as degree of facial paralysis, muscular facility, or bucco-facial apraxia.
